A new mutant with shivering, Hula dance Sendai ltentatively named hus gene), was found in the !VCE strain. A congenic strain, C57BL/6JJcl-hus, was established by the cross-intercross method using !VCE-hus as the donor strain and C57BL/6JJcl as the recipient. No significant differences were observed in the age of the onset of shivering and life span between B6-hus and !VCE-hus mice.
The shiverer mutants, Mbpshi and Mbpshi-mId, were reported by Doolittle and Schweikart (1977) and Chernoff (1981) , respectively. Bird et al. ( 19781reported that the shiverer mouse shows a severe myelin deficiency throughout the central nervous system (CNS). Dupouey et al. (1979) , Kirschner and Ganser (1980) and Mikoshiba et al. (1983) reported irnmunochemical studies revealing that myelin basic protein (Mbp) is lacking in both the CNS and the peripheral nervous system (PNS) of shiverer mice. Roach et al. (1985) found that there is a deletion of five of the six exons of the Mbp gene in the Mbpshi mutation and Akowitz et al. (1986) reported that a portion of the Mbp gene is duplicated in the Mbpshi-mId.
We found some mice showing abnormal gait (shivering or trembling) in a litter of the !VCE strain at F45 in 1985 F45 in . Nobunaga et al. (1992 reported that histological studies on this mutant revealed that the animals showed Animals, 1430 Nogawa Miyamae-ku, Kawasaki, Kanagawa, 216lapan; Tel: 81-44-751-7935, Fax: 81-44-751-7935 Accepted 1 February 1996 myelin dysplasia of the sheath of Schwarm in the central nervous system. This mutant gene was tentatively named hus, because phenotype of the abnormality was similar to the Hula dance. The pedigree of the strain showed that this phenotype may be governed by an autosomal recessive and semi-lethal gene, because homozygotes die before about 80 days of age.
The characters obtained previously were similar to those of the shiverer (Mbpshi) mouse. In order to determine if this mutation is identical to the shiverer mutation, we carried out genetic studies. In this report, we indicate that the hus (Mbphus) mutation is an allele of the sm (Mbpshi) gene.
Materials and methods

Test of genetic markers
In order to demonstrate marker genes of the genotypes of the C57BL/6-hus congenic strain produced by backcrossing NCE-hus 12 times to C57BL/6JJcl, genetic markers were tested according to the method in the ICLAS Manual for Genetic Monitoring of Inbred LaboratoryAnimals (1996) 30. 365-368 Mice (Nomura et al. 1984) . The loci tested were as follows in alphabetical order: Akpl, Car2, Es3, Glol, Gpdl, Gpil, Hbb, Idhl, Ldrl, Modl, Pep3 and Pgml. In vitro fertilization In vitro fertilization with the BALB/c-Mbpshi mouse introduced from the National Institute of Neurological Science, Japan was carried out according to the method reported previously by Yokoyama (1990) . The brief procedures were as follows. The ova collected by superovulation were fertilized in a culture dish with sperm of the BALB/c-Mbp'hi male mice and incubated for 48 hours in a CO2 lncubator. The 2-cell embryos were implanted into the uterus of pseudopregri.ant MCH: ICR female mice (multi-cross hybrid among four inbred strains derived from Jcl:ICR). Table 1 shows results of mating experiments which were carried out to demonstrate inheritance of the shiverer-like trait found in the !VCE mouse strain. In Expt 1, !VCE males (hus/hus) with shivering were mated with C57BL/6JJcl females with normal gait. All F1 mice (N=195) were normal in gait. In Expt2, matings between heterozygotes with the normal gait were carried out and 202 F2 mice were obtained. The numbers of mice with normal gait and shivering was 153 and 49, respectively, and the segregation ratio was 3:1 (X 2 =0.085, 0.8<P<0.9). This result showed that abnormal gait characterized by shivering was governed by a single autosomal recessive gene.
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Breeding of the C57BL/6JJcl-hus congenic strain
The cross-intercross method was used to establish the C57BL/6JJcl-hus (B6-hus) congenic strain. Affected males were backcrossed to normal CS7BL/6JJcl/B6) females in every generation. Backcrossing was undertaken for 12 cycles and then inbreeding was continued by backcrossing (hus/hus male x hus/ +femalej.
Biochemical loci of the B6-hus congenic strain were tested using electrophoresis. The result is shown in Table 2 . In a comparison of genotypes of the rvCE-hus and B6 strains, different alleles at six loci, Akpl, Idhl, Car2, Gpil, Modl and Es3, were observed. Genotypes of B6 and B6-hus were identical. Table 3 shows the onset of shivering and life span of affected mice in the !VCE-hus and B6hus strains, respectively. The !VCE-hus/hus mice showed shivering at 15.9 ± 1.9 days and the B6-hus mice at 14.7 ± 2.2 days of age. The life span of the !VCE-hus strain was 3 days shorter than that of the B6-hus strain, but this difference was not significant. Shivering became more severe with age. Homozygotes were noticeably smaller than their litter mates.
Age of onset of shivering
!VCE-hus mice developed epileptic attacks with pronation and mild signs of spasms near death. In B6-hus mice, collapsing or fainting was induced by sound or vibration after the mid-point of their life span.
Most unaffected (hus/+ and +/+) and all affected animals of the !VCE-hus strain showed epilepsy-like attacks. Therefore, we observed every animal during breeding of the B6-hus congenic strain carefully, but 4S animals did not develop these symptoms for more than 6 months. Allelism test between two genes, hus and shi In order to demonstrate the genetic relationship between the hus gene and the shi geneJ in vitro fertilization was used. In Expt 1J three female homozygous for the hus gene were fertilized in vitro with a male homozygous for the Mbpshi gene. All 12 offspring obtained showed shivering. In Expt 2, three female heterozygous for the hus gene were fertilized with a male homozygous for the Mbpshi gene J and 42 offspring were obtained from 3 litters. The normal to shivering ratio was 22:20 (1:1). These data strongly suggested that the hus gene is an allele of the Mbpshi gene.
Discussion
We demonstrated that the trait of shivering found in the !VCE strain was governed by a single recessive and semi-lethal gene and transferred into CS7BL/6JJcl by backcrossing. Mating experiments between B6-hus and BALB/c-Mbpshi revealed that the hus gene is an allele of the shi gene. Nobunaga et al. (1992) demonstrated that various tissues of the central nervous system of the !VCE-hus mouse were not stained with Luxol fast blue. In this study, we demonstrated that myelin sheaths in the cerebrumJ cerebellum J medulla oblongataJ and spinal cord of the B6-hus congenic strain were not stainedJ but the presence of nerve fibres was demonstrated (data not shown). ThereforeJ myelin dysplasia of the B6-hus congenic mice demonstrated that transmission of the hus gene of the !VCE-hus strain into CS7BL/6JJcl was successful. Doolittle and Schweikart (1977) and Chernoff (1981) reported that the Mbpshi and Mbpshi.mld genes occurred spontaneously in the SWV and MDV/Dt strainJ respectively. They were represented by the following characteristics: shiveringJ epilepsy-like attacks, shortened life and severe myelin deficiency in homozygotes. In this studYJ we demonstrated that most mice exhibiting marked shivering died at about 70 days of age during an attack. In the B6-hus congenic strainJ the onset of shivering occurred at about 2 weeks. We observed that the onset of shivering in B6-hus was slightly earlier and the life span was slightly prolonged. These differences may be caused by different genetic 
